Assessment of PC12 cell differentiation and neurite growth: a comparison of morphological and neurochemical measures.
In vitro techniques are used increasingly to screen for and characterize neurotoxicants. In many cases, chemical-induced injury to developing neurons has been examined in vitro by assessing morphological changes in differentiation and neurite growth. This research evaluated the use of proteins associated with axonal growth and synaptogenesis as surrogates for morphological measurement of neuronal differentiation. PC12 cells, which differentiate upon nerve growth factor (NGF) stimulation, were used as the in vitro model. NGF-induced (50 ng/ml) differentiation (cells with at least one neurite with a length equal to the cell body diameter) and neurite growth (length of longest neurite) were determined using light microscopy and computer-based quantitative image analysis. PC12 cell differentiation and neurite growth reached a plateau after 6 days in culture. Expression of the axonal growth associated protein 43 (GAP-43) and the synaptic protein synapsin I were assessed simultaneously by Western blot during cell differentiation. Expression of GAP-43 was low on Culture Day 0 and increased progressively to maximum levels on Culture Day 5. Likewise, synapsin I expression increased slowly on Days 0-4, and then rapidly on Days 5-7 of culture. Pharmacologic inhibitors of NGF-induced signaling were used to test the sensitivity of the proteins to chemical disruption of differentiation. The MAP kinase inhibitor, U0126 (5-30 microM) and the PKC inhibitor, bisindolylmaleimide I (Bis I; 1.25-5 microM) inhibited differentiation and neurite outgrowth in a concentration-dependent manner. U0126 and Bis I significantly decreased GAP-43, but not synapsin I expression. Interestingly, the PI-PLC inhibitor edelfosine (ET-18; 5-30 microM) stimulated differentiation at early times of exposure followed by a significant decrease in neurite length at later time points. However, ET-18 did not alter the expression of GAP-43 or synapsin I. These data suggest that GAP-43 may be a useful indicator of the status of PC12 cell differentiation.